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Claims 

1. A type of dynamic loudspeaker characterized by the following facts: the dynamic 
loudspeaker has a voice coil set in a magnetic gap; in said magnetic gap, a heat dissipating fluid 
with a low viscosity and a high thermal conductivity is filled, and, at the same time, a magnetic 
fluid having ultra-fine magnetic particles dispersed in a solvent is filled in said magnetic gap; 
said heat dissipating fluid is sealed with said magnetic fluid. 

2. The dynamic loudspeaker described in Claim 1 characterized by the fact that a 
magnetic fluid having a low viscosity and a high thermal conductivity is used as the heat 
dissipating fluid. 
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3. The dynamic loudspeaker described in Claim 1 characterized by the fact that on the 
inner peripheral surface of a plate and the outer peripheral surface of a center pole, with said 
plate and center pole forming the magnetic gap, ring-shaped grooves are formed at the boundary 
between the magnetic fluid and the heat dissipating fluid. 

Detailed explanation of the invention 

This invention pertains to a type of dynamic loudspeaker characterized by the fact that 
without decrease in the conversion efficiency, it can prevent a rise in the temperature of the voice 
coil and can increase the durability. 

First of all, the structure of a conventional dynamic loudspeaker of this type will be 
explained with reference to Figure L 

In Figure 1,(1) represents a yoke. Center pole (2) is formed integrally at the center of 
said yoke (1). (3) represents a hole formed through said center pole (2). (4) represents a 
ring-shaped magnet fixed on the upper surface of said yoke (1). (5) represents a ring-shaped plate 
fixed on the upper surface of said magnet (4). A ring-shaped magnetic gap is formed between the 
inner peripheral surface of said plate (5) and the outer peripheral surface of said center pole (2). 
(6) represents a vibration plate supported on said plate (5). Coil pin (7) is attached on said 
vibration plate (6), and voice coil (8) is wound on said coil pin (7). Said voice coil (8) is 
positioned in said magnetic gap portion. (9) represents a sound absorbing material set on the 
upper surface of center pole (2) to cover hole (3). 

In Figure 1, (10) represents a magnetic fluid filled in the magnetic gap. This magnetic 
fluid is a colloidal fluid prepared by dispersing ultra-fine magnetic particles in a solvent. 

Said magnetic fluid (10) has a thermal conductivity 4 to 5-fold that of air. Consequently, 
heat from voice coil (8) is dissipated through magnetic fluid (10), so that a rise in the temperature 
of voice coil (8) can be prevented, and the input power rating of the loudspeaker can be increased 
by several times. 

For the aforementioned conventional loudspeaker, for magnetic fluid (10), the ultra-fine 
magnetic particles are not separated from the solvent due to the magnetic field and gravity. 
However, due to heat generation from voice coil (8), the solvent of magnetic fluid (10) is 
evaporated, leading to an increase in the viscosity of magnetic fluid (10). As a result, vibration of 
coil bobbin (7) is suppressed by magnetic fluid (10), and the sonic pressure of the loudspeaker 
decreases. This is undesired. When the solvent is further evaporated, the ultra-fine magnetic 
particles are solidified, and vibration plate (6) no longer vibrates. 

Usually, a dry oil or an ester with a low viscosity is used as the solvent of magnetic fluid 
(10). For a tweeter or another loudspeaker with a small vibration mass, the viscosity of magnetic 
fluid (10) is preferably in the range of 200-100 cP or lower. If the viscosity is higher than 
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1000 cP, due to its viscous resistance, the sonic pressure decreases by 3-6 dB, and, in order to 
obtain the same sonic pressure, the input has to be raised by 2 to 4-fold or more. As a result, the 
effect of magnetic fluid (10) in increasing the input rating is cancelled. 

However, while a rise in temperature leads to the evaporation of solvent, the increase in 
viscosity makes it harder to perform evaporation. There is a contradictory relationship between 
increase in the input rating due to the magnetic fluid and decrease in the sonic pressure due to the 
viscosity of the magnetic fluid. For the same type of solvent, the vapor pressure at a prescribed 
temperature is inversely proportional to the viscosity. When the viscosity is increased by a factor 
of 10, the vapor pressure falls to 1/10 the original level. 

Also, for said magnetic fluid (10), the cost is high. In the prior art, since the entire 
magnetic gap is filled with magnetic fluid (10), the loudspeaker becomes expensive. This is 
undesired. In particular, for a woofer or another loudspeaker with a large magnetic gap, a large 
amount of magnetic fluid (10) is needed, leading to a rise in the cost of the loudspeaker. 

The solvent should be able to chemically and stably disperse the ultra-fine magnetic 
particles into a colloid form. The thermal conductivity of the solvent determines the limit of the 
input rating. For loudspeakers, in consideration of vapor pressure, viscosity, ease of manufacture, 
etc., esters are an appropriate type of solvent. However, their thermal conductivity is only about 
1/4 that of water. 

The purpose of this invention is to get rid of the aforementioned disadvantages of the 
prior art. In the following, an application example of this invention will be explained with 
reference to Figure 2, in which the same part numbers as those in Figure 1 are adopted. 

In Figure 2, (1 1) represents a heat dissipating liquid filled in the magnetic gap and 
between magnet (4) and center pole (2). This heat dissipating liquid (1 1) is sealed by magnetic 
liquid (12) filled in the upper portion of the magnetic gap. Said heat dissipating liquid (1 1) is 
made of water, alcohol, dry oil, or another liquid with a low viscosity and a high thermal 
conductivity. Water has a viscosity of 1 cP (20°C) and a thermal conductivity at room 
temperature of about 0.6 J/m-s-°K. Methyl alcohol has a viscosity of 0.6 cP. 

In this application example, by filling heat dissipating liquid (11) with a low viscosity 
and a high thermal conductivity, it is possible to dissipate heat generated at voice coil (8) and to 
increase the input rating without suppressing vibration of the voice coil portion. Also, 
evaporation of said heat dissipating liquid (1 1), which has a low viscosity and hence a high vapor 
pressure and proneness for evaporation, can be prevented by magnetic fluid (12). Magnetic fluid 
(12) is prepared by using a solvent that barely evaporates, that is, a solvent with a high viscosity 
(300-1000 cP), such as an ester, silicone oil, fluoro-carbon, etc., as a dispersing medium. Since 
magnetic fluid (12) makes contact only with a portion of the voice coil, there is no decrease in 
the sonic pressure of a loudspeaker that has a low viscous resistance for the voice coil portion. 
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Figure 3 is a diagram illustrating a further improvement of the application example 
shown in Figure 2. Heat absorber (13) with fins formed on it is mounted on yoke (1). Fins of said 
heat absorber (13) are inserted in liquid (1 1). (14) represents a heat dissipating plate mounted on 
the lower surface of yoke (1); (15) represents a mounting fixture for fixing said heat absorber 
(13) and heat dissipating plate (14) integrally; (16) represents a vent hole formed on the edge 
portion of vibration plate (6). In the constitution of this application example, it is possible to 
further improve the heat dissipating effect. 

Figure 4 is a diagram illustrating another application example, hi Figure 4, (25) 
represents a pump; (17), (18) represent piping; (19) represents a heat dissipating plate. By means 
of pump (16), fluid (1 1) is circulated, and heat of fluid (1 1) is dissipated by means of heat 
dissipating plate (19). 

Figure 5 is a diagram illustrating the magnetic gap portion in yet another application 
example. In Figure 5, (20) represents a sealing member set in the lower portion of the magnetic 
gap. This sealing member (20) is made of copper, aluminum, or another metal with a high 
thermal conductivity. 

Figure 6 is a diagram illustrating yet another application example of this invention. In this 
application example, ring-shaped grooves (21), (22) are formed on the inner peripheral surface of 
plate (5) and the outer peripheral surface of center pole (2), respectively. In this case, since 
ring-shaped grooves (21), (22) are formed on plate (5) and center pole (2), the magnetic field of 
the magnetic gap in the portion of ring-shaped grooves (21), (22) becomes weaker, and the 
energy at the position taken by magnetic fluid (12) becomes higher. Consequently, even when an 
impact is applied on the loudspeaker, or when a large vibration takes place in the voice coil, it is 
still possible to prevent magnetic fluid (12) from going over ring-shaped grooves (21), (22) to 
reach the side of fluid (1 1). 

Figure 7 is a diagram illustrating yet another application example of this invention. In this 
application example, on the upper portion and lower portion of the inner peripheral surface of 
plate (5), ring-shaped grooves (21), (23) are formed, and, at the same time, ring-shaped grooves 
(22), (24) are also formed on center pole (2). The upper surface and lower surface of fluid (11) 
are sealed by magnetic fluids (12), (12 f ), respectively. 

In said application examples, a magnetic fluid with a low viscosity and a high thermal 
conductivity may also be used as heat dissipating fluid (1 1). Examples of magnetic fluids with 
low viscosity and high thermal conductivity include water, kerosene, alcohol, and other solvents. 
Compared with a magnetic fluid prepared using an ester, silicone oil, fluoro-carbon and other 
solvents, this type of magnetic fluid can be manufactured more easily and at a lower cost. 

For the dynamic loudspeaker of this invention with the aforementioned constitution, a 
heat dissipating fluid with a low viscosity and a high thermal conductivity is used. Consequently, 
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it is possible to dissipate heat generated at the voice coil portion and to improve the input rating 
without suppressing vibration of the voice coil portion. Also, since the heat dissipating fluid is 
sealed with a magnetic fluid, there is no evaporation of the heat dissipating fluid. Also, although 
a magnetic fluid prepared using a solvent that barely evaporates is used, because the magnetic 
fluid makes contact only with a portion of the voice coil portion, vibration of the voice coil 
portion is not suppressed by the viscous resistance of the magnetic fluid, and there is no decrease 
in sonic pressure due to the magnetic fluid. 

Brief description of the figures 

Figure 1 is a cross-sectional view illustrating a conventional dynamic loudspeaker. 
Figures 2, 3 and 4 are cross-sectional views illustrating dynamic loudspeakers in application 
examples of this invention. Figures 5-7 are cross-sectional views illustrating the magnetic gap 
portion in other application examples of this invention. 
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